ABSTRACT
Introduction
The study by Watterberg et al. (1) in 1996 established that the presence of chorioamnionitis (CA) is associated with a lower incidence of respiratory distress syndrome (RDS) and a higher incidence of bronchopulmonary dysplasia (BPD), indicating that lung injury can start before birth. Later studies confirmed that CA, (2,3) funisitis, (4) and fetal inflammatory response syndrome (5, 6) were associated with an increased incidence of BPD; however, results were not reproduced in some other studies. (7, 8) It has been suggested that the association between CA and BPD is more complicated. (9) Van Marter et al. (10) introduced the "multiple hit" theory. They established that CA does not increase the incidence of BPD by itself, but only in combination with already known risk factors for BPD, such as mechanical ventilation longer than 7 days and exposure to postnatal infection. In our cohort of infants, with gestational age (GA) < 30 weeks exposure to prenatal inflammation did not increase the risk of BPD. However, low gestational age, male sex, need for resuscitation, mechanical ventilati-on, and late onset sepsis were major risk factors for BPD development. (11) According to an overview from Beer and Zimmerman, (12) the increased incidence of BPD after prenatal inflammation was confirmed only in 6 of 18 studies; furthermore, in only one study were the results adjusted for gestational age. (13) Results of long-term outcomes with respect to lung function of school-age children and adolescents born preterm are also conflicting. In some studies, respiratory function variables reflecting airflow were significantly diminished (14-17) when compared to healthy, term-born children and adolescents, while in the study by Narang et al. no significant difference was found. (15) The question is: can prenatal inflammatory exposure affect lung function in later life? So far, we are aware of only two studies investigating the association between CA and pulmonary outcome in childhood. (16, 17) The study by Watterberg on children aged 18-22 months showed no difference in the use of supplemental oxygen, bronchodilators, and systemic or inhaled steroids between infants with or without CA. In the study by Kumar, it was established that CA and prematurity have a joint predisposing effect on recurrent wheezing and physician-diagnosed asthma at a mean age of 2.2 years. The aim of this prospective observational study was to evaluate the effects of interleukin 6 (IL-6) and interleukin 8 (IL-8) in cord blood and gastric aspirate on lung function 8 years after preterm birth.
Methods
Study design and subjects Infants with GA < 30 wks born at the Ljubljana Maternity Hospital, a tertiary referral centre for premature infants in Slovenia, during the period from September 1st, 2000, to June 30th, 2002, were prospectively enrolled in the study with the aim to analyze prenatal and postnatal risk factors for the development of BPD. The eligibility criteria for the study were: 1) inborn infant, 2) written informed parental consent obtained, 3) cord blood and placenta available, and 4) absence of obvious congenital malformation. BPD was defined as a requirement for supplemental oxygen at 36 weeks postmenstrual age. (18) Details including gestational age, sex, birth weight, prenatal steroids, and surfactant treatment, ventilatory support and days of postnatal oxygen requirement were also collected. Gestational age was determined by the best obstetric estimate using the last menstrual period and/or early ultrasound assessment. After 8 (range 7-9) years, children were called back for lung function follow-up. Infants with severe mental handicap were excluded from the follow-up (figure 1). A control group with 31 age and sex-matched children born at term was added for the comparison of pulmonary function tests, measurement of fraction of nitric oxide in air (FeNO), and six-minute walking test (6MWT). The National Medical Ethics Committee approved the study. Parents or guardians of each participating child gave written informed consent. At the time of birth, blood was collected from the umbilical cord, then centrifuged and stored at -70 o C until cytokine immunoassay was performed. Commercial ELISA kits (Endogen-Pierce, Boston, USA) were used for determination of the IL-6 and IL-8 levels. Gastric aspirate sample was collected at the time of delivery with a 5F orogastric feeding tube. Because no reliable correction factor was available, (19) cytokine concentrations in gastric aspirates were expressed as volume concentrations (pg/ml or ng/ml). The placenta, including fetal membranes and umbilical cord, was examined microscopically for the presence of inflammation. CA was The raw data for cytokine concentrations was log-transformed to obtain a normal distribution before correlation was calculated. The strength of association between variables was obtained 
Results
Perinatal characteristics of the study group versus the non-responder preterm group are shown in table 1. None of the tested variables showed a statistically significant difference between the groups. The characteristics of the study group at the age of 8 years are shown in table  2 where the values are also compared to the term control group. Children born preterm were shorter at the average age of 8 years when compared to the term control group, but there was no difference in body weight. The values of pulmonary-function test measurements in children born preterm were lower than in their term pairs but only in FEF25-75% was the difference statistically significant. The 6MWT showed no difference between both groups. The Fe-NO was lower in the term control group compared to the preterm study group. The concentration of IL-6 and IL-8 in cord blood and in gastric aspirate inversely correlated to all parameters of lung function at the age of 8 years; however, only the correlations between the concentration of IL-8 in cord blood to FEV1/FVC and to FEF25-75% were statistically significant. There was no correlation between the length of ventilator days (r = -0.012, p = 0.5)/oxygen treatment days (r = 0.16, p = 0.39) and the concentration of IL-8 in cord blood. The length of mechanical ventilation was significantly inversely correlated to FEV1%, FVC%, and FEF25-75%, and the length of oxygen supplementation was in inverse correlation to FEV1% and to FEF25-75% . The 6MWT and FeNO at the age of 8 yrs did not correlate either to the prenatal IL-8 concentration or to the length of respiratory support or the length of oxygen supplementation.
Discussion
In our study of preterm infants with GA < 30 wks who were prospectively followed to the average age of 8 years, we found significantly lower values of FEF25-75% when compared to term-born controls. Besides the length of ventilation and oxygen support, the concentration of IL-8 in cord blood of the preterm study group was also associated with lower FEF25-75% at the age of 8 years. IL-8 in cord blood also negatively correlated to FEV1/FVC at the same age. BPD is one of the important long-term consequences of preterm birth. The length of ventilation and the length of oxygen treatment are well known risk factors for BPD. Clinical, histological, microbiological or biochemical CA is well established as a major risk factor for preterm birth. (25) The recent systematic review and meta-analysis of the association between CA and BPD showed that CA was significantly associated with BPD; however, the authors found strong evidence of publication bias, and at the end they concluded that, despite a large body of evidence, CA by itself cannot be definitively considered a risk factor for BPD. However, in pregnancies complicated with CA the concentrations of IL-8 and IL-6 are significantly higher than in those without histological CA. (26, 27) 
